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Abstract. An overview of nuclei and anti-nuclei production with results
from different experiments are discussed. The comparison of data with
the thermal and coalescence models is also discussed to understand their
production mechanisms in high energy collisions.
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1 Introduction
The Universe started with a big-bang with nearly equal abundance of matter
and anti-matter. However, this symmetry got lost in the evolution of the uni-
verse with no visible amounts of anti-matter being present. The production of
light (anti-)nuclei including (anti-)hypernuclei in high energy heavy-ion colli-
sions may be related to the matter-antimatter symmetry. The production of
light (anti-)nuclei has been studied in the vast energy range in heavy-ion colli-
sions experiments at Bevalac, AGS, SPS, RHIC, and LHC. The two proposed
production mechanisms for the (anti-)nuclei are the coalescence model [1] and
the statistical thermal model [2]. The simple coalescence model assumes that
(anti-)nuclei are formed if the constituents baryons are close in the coordinate
and the momentum phase space. The thermal model predicts the dependence of
the particle yields of mass m on the baryon chemical potential (µB) and chemical
freeze-out temperature (Tchem) by the relation dN/dy ∝ exp((µB −m)/Tchem).
2 Results and Discussions
In coalescence mechanism, the spectral distribution of the deuterons is related
to that of primordial protons via Ed
d3Nd
dp3
d
= B2
(
Ep
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)2
, assuming that pro-
tons and neutrons have the same momentum distribution. B2 is the coalescence
parameter for deuteron with momentum of pd = 2 pp. Figure 1 (left) shows the
energy dependence of the coalescence parameter B2. It decreases from Bevalac
to SPS energies, then remains almost constant up to RHIC energy [3]. From
RHIC top energy to LHC energy B2 shows slight decrease [4]. In the coalescence
picture, this behavior is explained by an increase in the source volume i.e the
larger the distance between protons and neutrons which are created in the col-
lision, the less likely is that they coalesce. At RHIC energies, it is observed that
elliptic flow (v2) of light (anti-)nuclei when scaled with mass number follows
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v2 of (anti-)protons suggesting that light (anti-)nuclei are produced via coales-
cence mechanism [5]. However, the preliminary results from ALICE suggest that
simple coalescence model fail to describe (anti-)deuteron v2 at LHC energy [6].
The right plot of Fig. 1 shows the energy dependence of experimentally mea-
sured deuteron to proton ratio in heavy-ion collisions [4,7]. The comparison is
made with the thermal model predictions which seems to explain the data well.
It is observed that for a given collision energy, Tchem and µB remain same for
heavy-ion and small collisions system. At LHC, the d/p ratio for p–Pb and pp
collisions is smaller than in Pb–Pb system [8]. This observation could not be
explained by the thermal model.
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Fig. 1. Left: B2 measured from various experiments as a function of
√
sNN ; Right: d/p
ratio from data and thermal model prediction as a function of
√
sNN.
For a given system and energy, the thermal model suggests that the nuclei
yields follow an exponential decrease with the mass which is consistent with the
experimental results. One has to pay a ”penalty factor” to produce the heavier
nuclei or each added nucleon [8]. Figure 2 (left) shows the penalty factor as a
function of energy for heavy-ion collisions [7]. The markers show the experimental
results (solid symbols for nuclei and open symbols for anti-nuclei) while the
curves represent the thermal model predictions. The thermal model predictions
are consistent with the heavy-ion experimental results within the uncertainities.
However, this is not true for the smaller systems. For example, it is observed that
penalty factor is about 600 for p–Pb collisions at LHC [8] which is well above the
thermal model expectation at this energy. This deviation from thermal model
expectation in smaller collision systems needs theoretical explanation.
The right plot of Fig. 2 shows the experimental measurements of hyper-triton
(3ΛH) lifetime from various experiments [9]. The figure also shows the lifetime of
the free Λ from the PDG and measurement from STAR. The recent experimental
results from STAR [9] and ALICE [10] suggest that the 3ΛH lifetime is less than
that of free Λ. It will be interested to understand the theoretical explanation of
the observed difference in lifetime of 3ΛH and free Λ.
Recently, the ALICE experiment has measured the mass and binding ener-
gies of nuclei and anti-nuclei and found it to be compatible within uncertainties.
This confirm the CPT invariance of light nuclei [11]. The Quantum Chromo-
dynamics (QCD) predicts the existence of exotic bound states of baryons [12].
The thermal and coalescence models explain well the experimentally measured
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Fig. 2. Left: Penalty factor as a function of energy for heavy-ion collisions. Right:
Lifetime measurements of hypertriton from different experiments.
yields of light nuclei and hypertriton [4]. These models may predict the yields
of exotic bound states and hence may provide baseline to test the existence of
these states. Various experiments attempt to search for these weakly decaying
bound state of baryons. Recently, ALICE has tried to search for the ΛΛ and Λn
bound states [12]. No evidence for these bound states is observed. Theoretical
explanation is needed to understand the non-observation of these states.
3 Summary
Light (anti-)nuclei measurements have been performed by various experiments.
The thermal model seems to describe (anti-)(hyper-) nuclei production well in
heavy-ion collisions. However, deviation from thermal model is seen for small
collision systems, the simple coalescence model could explain (anti-)nuclei pro-
duction in small systems. More work is needed on theoretical part to understand
the production mechanism of nuclei and anti-nuclei in high energy collisions.
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